The B-chromosome constitution of a seed sample of Allium schoenoprasum collected from a sub-population at the River Wye, Powys, S. Wales in July 1982 has been compared with that of a seedling sample collected from the same sub-population in September 1982. The seedling sample contained significantly more B-containing plants than the seed sample (64.1 per cent vs. 55•2 per cent), and the mean number of B-chromosomes in B-containing plants was also significantly increased in the seedlings (244 vs. 2.23). This implies that there is differential selection in favour of B-containing seedlings and seedlings with increased numbers of B-chromosomes during the initial stages of the life cycle when levels of mortality of A. schoenoprasum in this riverside habitat are high.
INTRODUCTION
The occurrence of non-essential B-chromosomes with efficient accumulation systems within the genomes of many eukaryotic species has led to the widespread belief that they may be "selfish" rather than adaptive in evolutionary terms (Jones, 1985) . There is little doubt that the accumulation of Bchromosomes, brought about by their nonMendelian inheritance, may in some cases be sufficient to counteract their often deleterious effects on fitness and fertility, and thus generate a stable polymorphism within a population. In some species, however, individuals carrying B-chromosomes appear to have superior fitness under conditions of stress (Rees and Hutchinson, 1973; Hutchinson, 1975) . Such evidence argues against the view that B-chromosomes are maintained in populations solely as a direct result of accumulation mechanisms and supports the idea that natural selection may sometimes be a significant factor in the spread and maintenance of B-chromosomes.
In A/hum schoenoprasum L. (chives), plants containing B-chromosomes have been found in populations along the banks of the River Wye, Powys (Bougourd and Parker, 1975) . The Bchromosomes are apparently limited to populations at the downstream end of the plant's distribution where the frequency of B-containing plants reaches 65 per cent (Bougourd and Parker, 1979a) . In general, the B-chromosomes are stable at mitosis and, although their numbers are enhanced in the anthers of some individuals and meiotic pairing behaviour is variable, there is no evidence of Bchromosome accumulation in the offspring of experimental crosses (Bougourd and Parker, 1979b) . In addition, Bs have been shown to have deleterious effects on aspects of vigour and fertility, at least under glasshouse conditions. Conditions in the wild, especially during the early stages of the life cycle, are much more rigorous than those in a glasshouse. Perhaps the most important feature of the riverside habitat is the dramatic fluctuation in water levels which can occur even over short periods of time; this is likely to be a significant factor, especially in the germination of seeds and establishment of young seeedlings. Clearly, studies of the effects of B-chromosomes under natural conditions are necessary to understand how Bchromosomes are maintained in populations of A.
In this paper we report the results of studies carried out at the River Wye on the natural survival of B-containing seedlings during the crucial first few months of life, and an attempt is made to relate these to the environmental conditions which the plants encounter. MATERIALS 
AND METHODS
A. schoenoprasum is a bulbous perennial herb which reproduces both asexually by the production of daughter bulbs from short rhizomes and also sexually through seed. Bulbs lie dormant over winter and produce new leaf growth in February or March. Flowering occurs usually in June and July, with up to sixty flowers arranged within a single umbel. Once pollinated, the flowers take 3-4 weeks to mature into ripe capsules. Each flower produces a maximum of six seeds and, at the River Wye, umbels produce an average of 449±53 seeds (Holmes, 1986) .
(a) The study area A. schoenoprasum occurs along an 18 km stretch of the River Wye, Powys, South Wales (Grid Ref. SO 030524 to SO 124398). It grows only where the bedrock is exposed, and clumps of bulbs are usually found firmly embedded in the rock crevices. Suitable stretches can extend up to several hundred metres along the river bank and are interspersed by stretches of unsuitable terrain, so clear delineation of populations is possible. Gene flow between populations is probably limited (Holmes, 1986 ).
In most years, the river level is consistently high from about October until March, and the plants are under water throughout this period. In some years, the river remains high from September until April; for example, in 1980/81, low lying plants were under water for 220 consecutive days (Holmes, 1986) . In contrast, during the summer months, the river level is usually low and much of the bedrock is exposed. Since there is little soil in the rock crevices to retain moisture, conditions of drought prevail. Daily river levels recorded at Erwood Bridge (Grid Ref. SO 089438) throughout 1982 are shown in fig 1; these are similar to the levels at the experimental site.
The experiment was carried out along a 95 m stretch of the west bank of the River Wye (Grid Ref. SO 086439) where there was a discrete and easily recognisable sub-population with clearly defined boundaries. The species is relatively abundant in this area and in adult plants the B-chromosome frequency had previously been shown to be high (site Bii, 62 per cent B-containing plants, Bougourd and Parker, 1979b) Approximately 2000 umbels were collected at random in late July after flowering was complete.
These were allowed to dry and the viable seed was collected. Two thousand seeds were sown in petri dishes on moist filter paper, and maintained under conditions previously found to be optimal for germination (25°C, 16 hours light). 999 per cent of the seeds germinated, and the seedlings were pricked out into Levington Universal compost. Only one seedling died. These plants constituted the seed sample. ted at random and transferred immediately into seed trays of Levington Universal compost. After 6 weeks, 1000 of these seedlings were chosen at random for potting on into 6 cm square pots, again in Levington Universal compost. None of the seedlings died after collection. These plants constituted the seedling sample.
(d) Cytological methods
The chromosome constitutions of 1000 seeds, chosen at random from the seed sample, and 1000 seedlings were determined at mitotic metaphase. plants with more than 6 Bs were uncommon in both samples. The frequency distribution of B.. classes from 0 to 7 or more Bs was significantly different between the seed and seedling samples (contingency X = 27 88, P <0.001), although there was no formal significance if the OB class was excluded (contingency X) = 1134, P> 0.05).. Overall, the mean number of B-chromosomes was 1 56 per plant for the seedlings and 1 23 per plant for the seeds, a highly significant increase in the seedlings (d =472, P<0.001). When only the B.. containing individuals were taken into account, the mean number of Bs was still just significantly higher in the seedling sample, 244 compared with 223 (d=2.42, P<0•05).
Eight different types of B-chromosome were recorded in the seed and seedling samples (table   Table 2 3). All but one, a relatively large telocentric Bchromosome of approximately 28 pm in length designated B5, have been described previously (Bougourd and Parker, 1975; Bougourd and Parker, 1979b 
DISCUSSION
The data clearly show that a marked change in B-chromosome constitution occurs between the seed and seedling stages of the life cycle. The seedling sample collected in September 1982 contained about the same frequency of B-containing plants as the adult plants in the sample area (641 per cent cf. 62 per cent, see Bougourd and Parker, 1979a) , but significantly more B-containing plants than the seed sample collected from the same area the previous July (64.1 per cent cf. 552 per cent).
The mean number of B-chromosomes in Bcontaining plants was also significantly increased in the seedlings. This implies that there is diflerential selection in favour of B-containing individuals and for individuals with increased numbers of B-chromosomes during the initial stages of the life cycle. The loss of potential individuals from the population during this period is dramatic. The number of seedlings present in the study area in September was only about 3 per cent of the estimated number of seeds produced by the plants within that area, and this is not untypical of the levels of mortality which we have estimated in other years (Holmes, 1986) . Such high levels of mortality are not surprising in this riverside habitat. Throughout the summer months, conditions of drought prevail and seeds, once shed, lie dormant beneath the parent plant. Germination occurs only when sufficient moisture becomes available, possibly after a fall of rain or when the river begins to rise and localised pools of water fill the rock crevices. Following successful germination, the newly emerged seedlings must quickly become established in the rock crevices before the river floods in the autumn. Only deep anchorage in the crevices provides sufficient security under these conditions, and many of the seedlings, especially those which have germinated in the moist moss covering the rocks, have an insufficiently secure foothold and are washed away together with any remaining ungerminated seeds.
Since our results show that B-containing individuals are more likely than individuals without Bs to survive until this stage under these conditions, we can conclude that B-chromosomes confer a selective advantage to survival during either seed germination or early seedling establishment, or both.
Similar examples in natural populations of a change in the incidence of B-chromosomes during the life cycle have previously been reported. In Myrmeleotettix macu/a tus, Robinson and Hewitt (1976) reported a rise in B-chromosome frequency in the autumn eggs relative to the adult population, and a fall again in the spring eggs. However, reanalysis of these data, taking into account the inclusion of karyotypes of related eggs in an egg pod, suggested that there was only weak evidence of a rise in B-frequency between adults and autumn eggs and no change in frequency between autumn and spring eggs (see Shaw et a!., 1985) . In Rattus fuscipes, individuals from natural populations were karyotyped before and after breeding (Thomson, 1984) . Rats with B-chromosomes were found to be at least twice as likely to be lost from the population before breeding than rats without B-chromosomes.
In both of these examples, B-chromosome accumulation is thought to contribute significantly to the maintenance of the B-chromosomes in the populations. In contrast, no evidence for accumulation of B-chromosomes has been found in A. schoenoprasum (Bougourd and Parker, 1979b Finally, it is of interest to compare the types of B-chromosome that occurred in the seed and seedling samples. Non-standard types of Bchromosome were significantly less frequent amongst the seedlings relative to the seeds. At least nine different non-standard B-types occur in A.
schoenoprasum at the River Wye and evidence from experimental crosses suggests that there is a dynamic system for their production (Bougourd and Parker, 1979b; Holmes, 1986) . However, nonstandard Bs have a slightly higher frequency of mitotic instability than the standard Bs, and this may at least partly account for the loss of nonstandard B-chromosomes between the seed and seedling stages. In addition, the standard B is by far the most common type of B-chromosome in these populations and has presumably evolved over successive generations in response to the conditions at the River Wye. It is perhaps not surprising therefore, that the non-standard, possibly newly arisen B-types fare less well under these conditions than do their standard counterparts.
